Background. The pit and fissure areas are 8 times more vulnerable to caries; consequently, sealants have been proven to be efficient. Acid etching is the standard procedure for enamel etching; however, it leaves a demineralized surface. Laser Er:YAG is a good etching alternative due to its properties.
Modern dentistry requires new prevention options to decrease the incidence of caries in both adults and children. Pit and fissure sealants are one of the best preventive methods against caries in susceptible teeth, mainly on occlusal surfaces. 1 Nowadays, more effective techniques have been preferred, which are precise and minimally invasive, to prepare hard dental tissues. 2 In order to improve the effectiveness of sealants, the use of Er:YAG may be beneficial due to its properties. Acid etching produces iatrogenic effects on the enamel surface, such as demineralization and irreversible loss of approximately 10 μm and, therefore, the surface becomes susceptible to caries. 3 Additionally, there have been several studies in which it has been observed that enamel structure is modified, increasing the resistance against caries, due to thermally induced chemical and structural changes in the intrinsic mineral and organic matrix, as well as reduction of carbonates. [4] [5] [6] The aim of this in vitro study was to evaluate and compare shear bond strength of sealants prior to enamel conditioning under several etching protocols in permanent teeth.
Material and methods

Tooth selection and sample preparation
The protocol of this study was reviewed and approved by the Research Ethics Committee of Dental Research and Advances Studies Center, School of Dentistry, at the Autonomous University of the State of Mexico (Certificate of Ethical Approval: CEICIEAO-2016-003).
A total of 78 sound third molar teeth extracted surgically for therapeutic reasons, with an intact enamel surface and without any evidence of fracture, damage or caries, were obtained with the patients' informed consent. The teeth were extracted and collected, stored in a 0.2% (wt./vol) thymol solution at room temperature for a period no longer than 2 months.
The specimens were cleaned with deionized water, and any remaining soft tissue was removed with a scalpel. The crown of each tooth was separated using a diamond disc (BesQual, New York, USA) mounted on a low-speed motor (Micro motor M2 Master, M25800011, Drillco Devices Ltd., Miami, FL, USA) under deionized water irrigation to prevent dehydration. The crown was fixed to a glass slide with thermo plasticized epoxy resin (Allied High Tech Products, Rancho Dominguez, USA). Afterwards, a diamond wheel (South Bay Technology, Inc., San Clemente, USA) mounted on a cutter (South Bay Technology, Inc., USA) was used to obtain the samples under constant irrigation. Each tooth was cut to obtain 2 halves (mesio-distal). Finally, the samples were thoroughly washed with deionized water.
A total of 150 samples were used to evaluate the SBS (n = 25), whereas 6 were used for SEM observations. The teeth were fixed in acrylic resin; the sample was ground on the center, using a diamond disc to flatten the enamel surface, in order to standardize the area. Teeth were pumiced with fluoride-free paste (Pressage, Shofu Inc, Kyoto, Japan) and rubber prophylactic cups, washed with deionized water, and dried with compressed air.
Samples were randomly assigned to one of the 6 groups of enamel conditioning protocols; diagram of experimental design is shown in Fig. 1 .
Surface treatments
One hundred and fifty samples were randomly assigned to 6 groups (n = 25) as shown in Table 1 . Then, the enamel surface was conditioned as follows:
Group I: Acid etching with 35% phosphoric acid etching gel (Scotchbond Universal ® , 3M ESPE, St Paul, MN, USA). The acid gel was applied on the enamel for 15 s, rinsed thoroughly with forceful air, deionized with water spray, and dried with compressed air.
Group II: Er:YAG laser. The irradiation of the specimens was performed using an Er:YAG laser system (OpusDuo AquaLite ® EC, Er:YAG + CO 2 , Lumenis, Yokneam, Israel). The main experimental parameters of the laser utilized during the study were wavelength fixed at 2.94 μm, energy pulse from 150 mJ, energy density 19.1 J/cm 2 , pulse repetition rate of 10 Hz, pulse duration of 400 μs, and an exit tip diameter of 1.0 mm.
Energy levels were calibrated using the calipers of the equipment, and the energy delivered was measured periodically with a power meter. The surface was scanned once by hand for 15 s, perpendicular to the enamel surface of the samples, at a working distance of 1 mm and deionized water spraying at 5.0 mL/min. After Er:YAG laser irradiation, samples were rinsed thoroughly with deionized water spray and dried with compressed air. 
Bonding procedure
The specimens were prepared for the SBS test. To support this test, 150 sealant blocks (Clinpro TM , 3M ESPE, St Paul, USA) 3 × 2 × 1.5 mm in size were built. Each block was polymerized 20 s with Ortholux Luminous Curing Light (3M Unitek). Finally, each block was bonded with a sealant to the treated enamel surface. It was light-cured by Ortholux Luminous Curing Light (3M Unitek) for a total of 20 s.
Shear bond strength (SBS)
SBS test was performed with a crosshead speed of 0.5 mm/min until fracture occurred. It was determined and expressed in megapascals (MPa) for each specimen. This was accomplished using the flattened end of a steel rod attached to the crosshead of a universal testing machine (Autograph AGS-X, Shimazdu, Kyoto, Japan).
Adhesive remnant index (ARI)
Once sealant blocks had been debonded, the enamel surface of each tooth was examined with a stereoscope (Nikon, Tokyo, Japan) at a magnification of ×10 to determine the amount of residual adhesive remaining on each tooth. To delimit the area to be evaluated, a 3 × 2 mm window was cut in the center of a 9 × 9 mm colored film tape, and marks every 1 mm were carried out around it. This template was placed on the debonded area. The modified ARI scores were recorded with the following scale: 0 = no sealant left on the tooth, 1 = less than half of sealant left on the tooth, 2 = more than half of the sealant left on the tooth, and 3 = all the sealant left on the tooth.
Scanning electron microscope (SEM)
After surface treatment, 6 etched samples (without bonded sealant block) were dried at room temperature. All the samples were fixed to aluminum stubs with an adhesive carbon tape (SPI Supplies, USA). The analysis was performed using a scanning electron microscope (JEOL, JSM-6510LV, Japan) in the low vacuum at 10 Pa of chamber pressure, with electron acceleration voltage of 25 kV and detecting backscattered electrons. Enamel surface morphology was observed at ×100, ×500 and ×1000 magnification.
Statistical analysis
All the data was analyzed using the SPSS 21 statistical package (SPSS IBM, New York, NY, USA). The Kolmogorov-Smirnov test was performed to estimate the distribution of the data. The one way analysis of variance (ANOVA) was used to compare the shear bond strength in the groups; when significant differences were found, the Tamhane's T2 post-hoc tests were applied, due to Levene's test of homogeneity of variance showing different variances. Kruskall-Wallis and Mann-Whitney U tests were used to estimate the differences between ARI groups with a level of significance p ≤ 0.05 in the whole statistical analysis.
Results
The SBS, expressed in MPa, and descriptive statistics are shown in Table 2 ; Er:YAG + self-etching group showed the lowest range. The highest values were observed in group I, group II and group III, no significant differences were found among them. The ARI scores indicating the amount of adhesive remaining after debonding are shown in Table 3 . Kruskall-Wallis and Mann-Whitney U tests comparison of the ARI scores indicated that group V was significantly different from all groups (p ≤ 0.05). The largest amount of adhesive remnant also was found in group V.
SEM analysis showed the different etching patterns obtained for each group (Fig. 2) . After phosphoric acid treatment (Fig. 2a-c) , a typical etching pattern was observed, mixed prism centers and prism periphery etching. For Er:YAG laser etching group (Fig. 2d-f ) a rough surface with increased exposure along the prisms was observed, as well as microcracks. Self-etching group (Fig. 2g-i) showed an etching pattern less pronounced, with an apparent lower loss of interprismatic substance.
For acid + Er:YAG laser group (2m, 2n and 2o), characteristics combination for groups I and II was observed. Er:YAG laser + phosphoric acid group showed a rough surface, microcracks and a mild etching pattern.
Findings for Er:YAG laser + self-etching group (2p, 2q and 2r) exhibited minimal loss of interprismatic substance, when compared to group III.
Discussion
Because detecting caries ahead of time increases the possibility of minimizing the loss of dental tissue, by allowing remineralization and permitting the practitioner to take preventive or minimally invasive measures, 2 different methods, technological innovations as well as the evolution of dental materials have been used for enamel surfaces conditioning prior to sealant placement in an attempt to increase adhesion. 7 In the present study, several etching protocols were evaluated, conventional etching, self-etching adhesive, Er:YAG laser irradiation, as well as some combination procedures.
Although Ciucchi et al. indicates that pre-treatment with Er:YAG laser produces similar results as phosphoric acid on enamel surface as those observed in this research micrographs, SBS evaluation showed lower values for Er:YAG laser protocol alone compared to phosphoric acid, self-etching and phosphoric acid + Er:YAG groups. 8 Ciucchi et al. 8 and Yung et al. 9 concluded that the combination of phosphoric acid + Er:YAG laser improved SBS and microfiltration, respectively. Additionally, Lupi-Pegúrier et al. assumed that if Er:YAG laser can effectively be used for the preparation of dental enamel before sealing pits and fissures, it must be associated with acid etching to provide a suitable surface, which is not conducive to microleakage. 10 It was concluded that acid etch technique remains mandatory even after laser conditioning, for both enamel and dentin. 10, 11 The adjunction of phosphoric acid etching to laser has not surpass simple acid etching, a finding corroborated in this and other studies outcomes. 8, 12, 13 However, its use could be justified by the fact that several studies 11, 14, 15 reported that enamel Er:YAG laser results in a suitable micro retentive pattern for adhesion and can increase enamel acid resistance, 9,15-17 contrary to acid etching which demineralizes enamel surface leading to caries. 15, 18 Additionally, it is also thought to have an antibacterial effect by entrapping free ions 12, 18, 19 and forming remineralization microspaces. 12, 19 Nevertheless, laser treatment requires specific considerations as the use of correct tip, 8, 15, 20 adequate energy, otherwise could result in sub or over ablative energy, causing either flacking 8, 18, 21, 22 or vitrification. 8, 20 Furthermore, dental tissues response depends on several conditions such as focal distance, irriga- tion, among others; 15, 23 in addition, ablation process could lead to produce a microretentive surface on enamel. 20, 22 Regarding the self-etching adhesive employed in this study, it had similar SBS values to all the groups, except for group VI (in combination with previous Er:YAG laser irradiation). It has been reported that same self-etching adhesive resulted in SBS value comparable to that obtained for phosphoric acid, when they were employed for enamel etching previous to orthodontic brackets bonding. 24 In addition, self-etching adhesive leaves fewer remnants, so it might be beneficial because the enamel is less damaged, [24] [25] [26] th and 7 th generations of bonding systems. 9 Additionally, Chen et al. reported that Er:YAG laser conditioning may not compromise self-etching adhesives efficacy when employed for dentin conditioning. 30 Based on the evaluation of all outcome parameters defined in this in vitro study, the etching protocols could be grouped into 4 categories according to SBS values and statistical analysis. Optimal adhesion includes phosphoric acid and phosphoric acid + Er:YAG laser groups, followed by appropriate adhesion for self-etching group, sufficient adhesion for Er:YAG laser and Er:YAG laser + phosphoric acid groups. Finally, there was insufficient adhesion for Er:YAG + self-etching group.
It is suggested that decisions of clinical use for the optimal, appropriate and sufficient categories would be based on the specific conditions of each patient, as well as the available resources. However, considering that in vitro conditions have limitations, it is worth conducting further research to evaluate the in vivo effects of enamel conditioning on sealant retention.
